A systematic study of the hydride reduction of cyclopropyl ketones with structurally simplified substrates. highly stereoselective reductions of trans-substituted cyclopropyl ketones via the bisected s-cis conformation.
The stereoselective hydride reduction of the cis- and trans-substituted cyclopropyl ketones was systematically investigated using a series of structurally simplified substrates, trans-[tert-butyldiphenylsilyloxymethyl]cyclopropyl ketones 1a-e and trans-(benzyloxymethyl)cyclopropyl methyl ketone (2), and the corresponding cis congeners 3a,b,e and 4. The results showed that, not only in the reduction of the cis-substituted cyclopropyl ketones but also in that of the trans-substituted ketones, high stereoselectivity can be realized when the substrate has a bulky substituent on the cyclopropane ring, even though it is attached to the position trans to the acyl moiety. Ab initio calculations based on the density functional theory (DFT) of cyclopropyl ketones showed that (1) the bisected s-cis and s-trans conformers were the only two minimum energy conformers, while the s-cis conformer was more stable than the s-trans and (2) a bulky alkyl group in the acyl moiety and a cis substituent on the cyclopropane ring made the bisected s-cis conformer much more stable. On the basis of these calculations and experimental results, it is likely that the more stable the bisected s-cis conformer of the substrate, the more stereoselective the hydride reduction. Thus, the stereochemistry can be explained by hydride attack on the bisected s-cis conformation of the substrate from the less-hindered face. The predictability of the stereochemical results is predicated on the bisected s-cis transition-state model, which is very important from the viewpoint of synthetic organic chemistry.